In order to determine the spatial distribution, Galactic model parameters and luminosity function of cataclysmic variables (CVs), a J-band magnitude limited sample of 263 CVs has been established using a newly constructed period-luminositycolours (PLCs) relation which includes J, K s and W 1-band magnitudes in 2MASS and W ISE photometries, and the orbital periods of the systems. This CV sample is assumed to be homogeneous regarding to distances as the new PLCs relation is calibrated with new or re-measured trigonometric parallaxes. Our analysis shows that the scaleheight of CVs is increasing towards shorter periods, although selection effects for the periods shorter than 2.25 h dramatically decrease the scaleheight: the scaleheight of the systems increases from 192 pc to 326 pc as the orbital period decreases from 12 to 2.25 h. The z-distribution of all CVs in the sample is well fitted by an exponential function with a scaleheight of 213 +11 −10 pc. However, we suggest that the scaleheight of CVs in the Solar vicinity should be ∼300 pc and that the scaleheights derived using the sech 2 function should be also considered in the population synthesis models. The space density of CVs in the Solar vicinity is found 5.58(1.35)×10 −6 pc −3 which is in the range of previously derived space densities and not in agreement with the predictions of the population models. The analysis based on the comparisons of the luminosity function of white dwarfs with the luminosity function of CVs in this study show that the best fits are obtained by dividing the luminosity functions of white dwarfs by a factor of 350-450.
Introduction
Cataclysmic variables are defined as short-period semi-detached binary stars in which a white dwarf, the primary star, accretes matter via a gas stream and an accretion disc from a donor star, the secondary. Secondary stars are usually low-mass near-main-sequence stars with rare exceptions where the secondary evolved via nuclear processes. A bright spot is formed by shock-heating where the matter stream impacts the accretion disc. An accretion disc can not be formed in magnetic CVs with highly magnetized white dwarfs in which matter transfer occurs through accretion channels and columns. For comprehensive reviews of CVs, see Warner (1995) , Hellier (2001) , Smith (2007) and Knigge (2011) .
As the orbital period (P orb ) is the most precisely determined observational parameter for CVs, properties of the orbital period distribution can be easily examined. The orbital period gap between roughly 2 and 3 h (Spruit & Ritter, 1983; King, 1988; Knigge, 2011 ) and a sharp cut-off at about 80 min, period minimum (Hameury et al., 1988; Willems et al., 2005; Gänsicke et al., 2009) , are the most striking features of the CV period distribution. Since this distribution is a useful indicator of dynamical evolution of the systems, most studies on the evolution of CVs are mainly concentrated on the explanation of the orbital period distribution. The standard CV formation and evolution theory successfully explains the orbital period gap and the period minimum, since its predictions on the orbital period gap and the period minimum are supported by observations (Patterson et al., 2005; Gänsicke et al., 2009; Knigge, 2011; Ritter, 2012) . It should be stated that the evolution of magnetic CVs may be different from non-magnetic CVs (Townsley & Gänsicke, 2009 ).
In addition to the orbital period distribution, spatial distributions and kinematical analysis could be important to test evolutionary scenarios and their predictions, as the data obtained from stellar statistics must be in agreement with the proposed evolutionary schemes (Duerbeck, 1984) . Although it is hard to measure the radial velocity variation of a CV and such measurements are affected by the other components and activity level of the system, stellar statistics could give more reliable results depending on the completeness of the samples (Ak et al., 2008 (Ak et al., , 2010 . However, observational selection effects are usually strong, and even a rough estimate of Galactic model parameters such as space density and scaleheight obtained from the stellar statistics may be crucial to constrain the evolutionary models (Patterson, 1984) . For example, observations of CVs and predictions from CV population models give space densities 10 −7 − 10 −4 pc −3 (Warner, 1974; Patterson, 1984 Patterson, , 1998 Ringwald, 1993; Schwope et al., 2002a; Araujo-Betancor et al., 2005; Pretorius et al., 2007a; Ak et al., 2008; Revnivtsev et al., 2008; Pretorius & Knigge, 2012; Pretorius et al., 2013) and 10 −5 − 10 −4 pc −3 (Ritter & Burkert, 1986; de Kool, 1992; Kolb, 1993; Politano, 1996; Willems et al., 2005 Willems et al., , 2007 , respectively. Although there is a rough agreement between the observed and predicted space densities, the wide range of the observational values is striking. Similarly, the observed luminosity function (Ringwald, 1993; Sazonov et al., 2006; Revnivtsev et al., 2008; Ak et al., 2008; Byckling et al., 2010; Pretorius & Knigge, 2012) of CVs can give clues on evolution and mass distribution as a function of the orbital period. Regarding the exponential scaleheight of CVs, Patterson (1984) and van Paradijs et al. (1996) found 190±30 pc and 160-230 pc, respectively, while Pretorius et al. (2007b) adopted 120, 260 and 450 pc for long, for normal short orbital period systems and for period bouncers, respectively, for modeling the Galactic population of CVs. Gänsicke et al. (2009) concluded that scaleheight of CVs is very likely larger than the 190 pc found by Patterson (1984) . It should be noted that previous measurements for the scaleheight of CVs were made from the samples which are strongly biased towards bright objects. That is why Pretorius et al. (2007b) argued that the 190 pc used by Patterson (1984) can be suitable only for youngest CVs. However, Ak et al. (2008) found from a large sample of CVs including both short and long orbital period systems that the exponential scaleheight is 158±14 pc for the 2MASS (Two Micron All Sky Survey; Skrutskie et al., 2006) J-band limiting apparent magnitude of 15.8 which was set by authors to obtain a complete sample.
Disagreements of the Galactic model parameters in various studies of CVs could originate from selection effects and inadequate numbers of systems with reliable distances, which are encountered in almost all cases (Ak et al., 2008) . With the exception of Ak et al. (2008) , previous Galactic model parameters of CVs were derived from the samples for which distances were estimated using various methods. As the first step of deriving Galactic model parameters and a luminosity function is to collect truthful distances of systems in a selected sample, it is crucial to find a single method for estimating CV distances. Near-infrared photometric methods proposed by Ak et al. (2007) , Beuermann (2006) and Knigge (2006 Knigge ( , 2007 could allow researchers to collect a fairly homogeneous sample of CVs regarding the distances. All three methods are based on the Barnes-Evans relation (Barnes & Evans, 1976) which states that the surface brightness of the late-type main-sequence stars, such as the secondary stars in CVs, in near-infrared is nearly constant. An important advantage of these methods is the use of magnitudes measured in the nearinfrared wavelengths for which the interstellar absorption is much weaker than that in the optical wavelengths. Several studies to estimate CV distances using the Barnes-Evans relation have been done (Bailey, 1981; Berriman et al., 1985; Sproats et al., 1996) . Gariety & Ringwald (2012) express that the method proposed by Ak et al. (2007) works best overall for all CVs, an expected result as the PLCs relation in Ak et al. (2007) is calibrated by the trigonometric parallaxes which is the most reliable distance estimation method. A new relation similar to Ak et al.'s (2007) PLCs relation may be re-constructed using the near-infrared 2MASS and mid-infrared W ISE (Wide-field Infrared Survey Explorer; Wright et al., 2010) photometries together that comprise a wide range of wavelengths. Such a new relation must be calibrated using corrected Hipparcos parallaxes (van Leeuwen, 2007) and new or re-measured trigonometric parallaxes of CVs (Patterson et al., 2008; Thorstensen et al., , 2009 . It should be noted that absolute magnitudes of the secondary stars in CVs can not be directly calculated from the PLCs relation. Although almost all flux in near and mid-infrared comes from the secondary star in a CV (Harrison et al., 2013) , it is clear that outer parts of the accretion disc or circumbinary dust can contribute to the total infrared flux of the system. The aim of this paper is to derive the Galactic model parameters and luminosity function of CVs in the Solar neighbourhood. As the distance is the key parameter for such a study, we first obtain in Section 2 a new PLCs relation using J, K s and W 1-band magnitudes in 2MASS and W ISE photometries and P orb of CVs with new or re-measured trigonometric parallaxes in order to collect a homogeneous sample of CVs regarding to distances. Section 3 includes the estimation of the Galactic model parameters of CVs in a sample collected from Ritter & Kolb's (2003, Edition 7.20) catalogue. Also, a discussion of the completeness of the sample and the analysis regarding to space distribution and luminosity function are given in Section 3. We compare and discuss the results of this study in Section 4.
The PLCs relation

The data
The data sample used in construction of the new PLCs relation consists of CVs in Table 1 including their classes, orbital periods (P orb ), trigonometric parallaxes (π), relative parallax errors (σ π /π), 2MASS J and K s magnitudes and W ISE W 1 magnitudes. Their classes and orbital periods were taken from Ritter & Kolb's 1 (2003, Edition 7.20) catalogue. The near-infrared J and K s magnitudes of CVs in this calibration sample were taken from the point-source catalogue and atlas (Cutri et al., 2003) which is based on the 2MASS observations. Mid-infrared W ISE W 1-band magnitudes of CVs were taken from NASA/IPAC Infrared Science Archive 2 (Cutri et al., 2012) . In order to eliminate misidentification, coordinates of the systems taken from Ritter & Kolb (2003) and W ISE database were matched with 2MASS images in Aladin Sky Atlas 3 . W ISE is an infrared space telescope with much higher sensitivity than previous survey missions (Wright et al., 2010) . The W ISE space telescope surveyed the entire sky from 2010, January 14 to 2010, July 17 in four mid-infrared bands (3.4, 4.6, 12 and 22 µm). These bands are denoted as W 1, W 2, W 3 and W 4 with the angular resolutions 6.1, 6.4, 6.5 and 12 arcsec, respectively. W ISE goes one magnitude deeper than the 2MASS K sband magnitude in W 1 for sources with spectra close to that of an A0 star and even deeper for moderately red sources like K-type stars (Yaz Gökçe et al., 2013) . Note that secondary stars in CVs are near, but not necessarily identical to, G-K-M type main-sequence stars (Beuermann et al., 1998; Knigge, 2006) . Table 1 have orbital periods 82.4 ≤ P orb (min) ≤ 720 as CVs with P orb > 720 and P orb < 82 min have secondaries on the way to becoming a red giant (Hellier, 2001 ) and a degenerate star , respectively.
Systems listed in
Colour excesses, intrinsic colours and absolute magnitudes
Although the CVs in the calibration sample are relatively close to the Sun, the total interstellar absorption in the direction of the system in question should be taken into account. For the determination of the total absorption for J, K s and W 1-bands, the equations of Fiorucci & Munari (2003) and Bilir et al. (2011) were used, respectively, i.e. A J = 0.887 × E(B − V ), A Ks = 0.382 × E(B − V ) and W 1 = 0.158 × E(B − V ). Here, E(B − V ) = A V /3.1 is adopted (Cardelli et al., 1989) . Colour excesses E(B − V ) were obtained from the Schlafly & Finkbeiner's (2011) maps, which is based on the maps of Schlegel et al. (1998) , by using the NASA/IPAC Extragalactic Database 4 . As the colour excesses E(B − V ) in the directions of the stars are actually given up to the edge of the Galaxy by the Schlafly & Finkbeiner (2011) maps, reduction of E(B − V ) values from the maps according to the actual distance of each system in the calibration sample and estimation of the total interstellar absorption in the photometric band used were done as described in Ak et al. (2007) . After computing total interstellar absorptions A J , A Ks and A W 1 in the direction of the star, the de-reddened colours (J − K s ) 0 and (
Once de-reddened J-band apparent magnitudes and distances d = 1/π were obtained for the CVs in the calibration sample, their J-band absolute magnitudes were easily calculated from the well-known Pogson's equation, i.e. M J = J 0 − 5 log d + 5. The calculated M J values are given in Table 1 . Table 1 CVs with trigonometric parallax measurements. Types and orbital periods (P orb ) were taken from Ritter & Kolb (2003, Edition 7.20) . DN, NL and N denote dwarf nova, nova-like star and nova, respectively. J and K s magnitudes were collected from the 2MASS point-source catalogue and atlas (Cutri et al., 2003) , the W ISE W 1 magnitudes from NASA/IPAC Infrared Science Archive (Cutri et al., 2012) . π denotes trigonometric parallax, σ π /π relative parallax error, E(B −V ) colour excess and M J absolute magnitude in J-band. 
The PLCs relation
The data of the 36 systems in Table 1 were collected to derive an absolute magnitude calibration, the PLCs relation, for CVs. By checking standard deviations and correlation coefficients of the fit equations, after trying various colours and equation forms, we preferred to use a fit equation in the following form to find the dependence of the absolute magnitude M J on the orbital period P orb and colours (J − K s ) 0 and (K s − W 1) 0 :
( 1) However, as can be seen from Table 1 , the relative parallax errors σ π /π of some CVs are too high and these systems must not be taken into account in the least square fit procedure. Thus, we preferred to exclude CVs with relative parallax errors σ π /π > 0.5 from the calibration sample in Table 1 . These systems are TT Ari, LX Ser, HX Peg, RX And, RW Sex and QU Car. In addition, we found using the data in the AAVSO 5 (American Association of Variable Star Observers) archive that the 2MASS colour indices of SS Cyg and SU UMa shift to smaller values during outburst and superoutburst activities, respectively. For this reason, we also removed SS Cyg and SU UMa from the calibration sample. During the regression analysis, MQ Dra, IR Gem and VY Aqr were also removed from the calibration sample due to high scatter. It is known that low accretion rate polars like MQ Dra have lower luminosities compared to CVs with a similar orbital period (Schwope et al., 2002b; Schmidt et al., 2005) . The mass of the white dwarf in IR Gem is somewhat higher than those in CVs whose orbital periods are near this system's orbital period. Thus, the irradiation of the secondary star by the white dwarf in IR Gem could be higher than in other CVs near its orbital period (Fu et al., 2004) . Regarding VY Aqr, various studies assigned different spectral types to the secondary star in this system (Harrison et al., 2009) . Consequently, 25 systems remained in the calibration sample. A least square fit gives the coefficients and their ±1σ errors listed in Table 2 . The correlation coefficient and standard deviation of the calibration were calculated as R = 0.980 and σ = ±0.431 mag, respectively. This relation is valid for the ranges; 1.37 ≤ P orb (h) ≤ 12, 0.13
82 and 2.9 < M J < 10.4 mag. Monte Carlo simulations performed to estimate the errors of the coefficients suggest that the relation provides absolute magnitudes within an accuracy of about ±0.29 mag.
A comparison of the J-band absolute magnitudes (M J ) estimated using trigonometric parallaxes with those obtained from the PLCs relation (M J,P LCs ) found above is presented in Fig. 1 . This figure shows that almost all absolute mag- nitudes estimated from the PLCs relation are within the ±1σ limit, and the scatter is not more than ±0.9 mag despite large errors of faint objects. In addition, absolute magnitudes estimated from both method are in agreement for short period CVs and there is no systematic effect. A numerical comparison between the PLCs relations found in this study and Ak et al. (2007) can be done using the mean values and standard deviations of the differences ∆M J = M J,P LCs − M J , which are calculated < ∆M J >=-0.005 and σ ∆M J = ±0.403 mag for this study and < ∆M J >=0.041 and σ ∆M J = ±0.732 mag for the PLCs relation in Ak et al. (2007) . This comparison shows that the PLCs relation suggested in this study gives more reliable results than that in Ak et al. (2007) as the new PLCs relation provides J-band absolute magnitudes ∼2 times more precise compared to those of Ak et al. (2007) . We conclude from these comparisons that our PLCs relation can be used to collect a homogeneous sample of CVs regarding to the distances. Reliable Galactic model parameters of CVs can be derived from such a sample.
Analysis
The data sample
In order to obtain a sample of CVs, a preliminary list of the systems whose orbital periods are known and between 82.4 and 720 min is taken from Ritter & Kolb (2003, Edition 7.20) . The number of CVs in this preliminary sample is 858. However, the number of systems having both 2MASS and W ISE observations in this sample is 509. In addition, 196 of these systems were removed because they are beyond the limits of applicability of the PLCs relation found above. Thus, the number of CVs that can be used in this study reduced to 313 and all are listed in an electronic table as a supplement to this paper. In this table, DN denotes dwarf novae, NL nova-like stars, N novae, RN recurrent novae. Polars and intermediate-polars are indicated with P and IP, respectively. In this study, magnetic systems (polars and intermediate polars) were evaluated separately since their evolution may be different from non-magnetic CVs (Townsley & Gänsicke, 2009) . Interstellar absorptions in J, K s and W 1 bands were estimated using an iterative process described in Ak et al. (2008) . De-reddened colours (J − K s ) 0 , (K s − W 1) 0 were calculated as described in Section 2. Finally, absolute magnitudes in J-band M J,P LCs and distances d were estimated from the PLCs relation and Pogson's equation, respectively.
Completeness of the sample
Incompleteness of surveys could be often expressed as the reason for disagreements of the results obtained from observational and theoretical studies. Incompleteness of the samples are mostly due to the observational selection effects (Della Valle & Livio, 1996; Aungwerojwit et al., 2005; Gänsicke, 2005; Pretorius et al., 2007b) .
Low-mass transfer rate systems are likely under-represented in the CV samples since systems with rare and low-amplitude outbursts are harder to discover (Patterson, 1998; Pretorius et al., 2007b; Ak et al., 2008) . As the theory predicts that the most CVs should be intrinsically faint objects, one of the goals of CV surveys has been to reduce the selection effects by observing the fainter objects. It seems that apparent magnitude limits of surveys are one of the strongest selection effects. Therefore, the completeness limit of the data must be taken into account in a study based on stellar statistics. In order to set a limiting magnitude for the CV sample in this study, the histogram for the de-reddened J-band magnitudes (J 0 ) of CVs in the electronic table is shown in Fig. 2. From Fig. 2 , the apparent bright and faint limiting J-band magnitudes of 10 and 16 mag were selected, respectively, in order to obtain a complete CV sample in a certain volume with the Sun in its centre. By removing systems beyond the limiting magnitudes, the number of CVs drops to 263 from which the Galactic model parameters will be obtained. In Fig. 3 , the absolute magnitudes M J of CVs in the electronic table is plotted against to their distances. Systems between the bright and faint limiting magnitudes are shown with filled circles in Fig. 3 Fig. 4 shows that our sample comprises CVs from all orbital period intervals.
The refined sample of 263 CVs in this study is not free from the selection effects. However, selection effects on this sample are likely less than for any sample so far in the literature as the limits defined above make it almost complete in a certain volume. In addition, it is one of the largest CV samples used for deriving the Galactic model parameters available in the literature. Thus, Galactic model parameters of CVs in the Solar neighbourhood derived from this sample should be reliable and useful for CV population models. 
Spatial distribution
The distribution of CVs according to equatorial (α, δ) and Galactic coordinates (l, b) are plotted in Fig. 5 which indicates that the systems in general are symmetrically distributed about the Galactic plane. The heliocentric rectangular Galactic coordinates (X towards Galactic centre, Y Galactic rotation, Z north Galactic Pole) are very useful in order to inspect the Galactic distribution of CVs in the Solar neighbourhood. Thus, the Sun centered rectangular Galactic coordinates of CVs in the sample were calculated and their projected positions on the Galactic plane (X, Y plane) and on a plane perpendicular to it (X, Z plane) are displayed in Fig. 6 . The numbers, median distances and median heliocentric Galactic distances of CVs are given in Table 3 . Fig. 6 and Table 3 demonstrate that the Galactic positions of CVs in the Solar neighbourhood do not introduce a striking bias for this study, in general. However, it should be noted that the subgroups such as novae (N), recurrent novae (RN) and CVs with unknown type (CV) including only a few members may introduce considerable bias to derivation of the Galactic model parameters for these sub-classes. The numbers, median distances and median heliocentric Galactic distances of CVs above (P orb (h) ≥ 3.18) and below (P orb (h) ≤ 2.15) the orbital period gap are also given in Table 3 . The lower and upper borders for the period gap were adopted from Knigge (2006) . The numbers, median distances and median heliocentric Galactic distances of CVs above (P orb (h) ≥ 3.18) and below (P orb (h) ≤ 2.15) the period gap are also given in Table 3 .
Galactic model parameters and space density
The number of stars per unit volume is a function of the Galactic positions of stars. Studies based on the deep sky surveys showed that scalelength of the thin-disc stars is larger than 2.6 kpc (Bilir et al., 2006a; Jurić et al., 2008 ). An inspection of the electronic table shows that the distances of 95 per cent of CVs in the sample are smaller than 1 kpc. This implies that almost all CVs in the sample should be members of the thin-disc component of the Galaxy. Thus, they were not classified according to the population types and estimation of scalelength of CVs were not attempted. Table 3 The numbers, median distances (d) and heliocentric rectangular Galactic coordinates (X, Y, Z) of all (ALL) CVs in the sample, all CVs below the period gap (P orb ≤ 2.15h), all CVs above the period gap (P orb ≥ 3.18h), dwarf novae (DN), nova-like stars (NL), novae (N), magnetic CVs (mCV) and non-magnetic CVs (nonmCV). The unclassified 6 CVs and one recurrent nova are not included in subgroups. z-histograms that exhibit the vertical distribution of objects in the Galaxy must be studied in order to find the Galactic model parameters of the objects in a sample. z is the distance of objects from the Galactic plane: Hence, z-histograms binned per 100 pc for all CVs (ALL), non-magnetic systems (non-MCV) and magnetic systems (MCV) in the sample are shown in Fig. 7 . z-histograms of dwarf novae (DN), nova-like stars (NL) and novae (N) are presented in Fig. 8 , as well. Although the exponential function has usually been used to describe the number density variation of stars by the distance from the Galactic plane and, thus, to derive the Galactic model parameters, Bilir et al. (2006a,b) showed that observed vertical distribution in the Solar neighbourhood is well-approximated by a secans hyperbolic function. Hence, in order to derive scaleheight and number density of CVs in the Solar neighbourhood, the following two functions were preferred and fitted to z-histograms:
and The Galactic model parameters for CVs in the sample. Functions used in the models are given in the second column. Here, n 0 is the number of stars in the Solar neighbourhood, H (pc) the exponential scaleheight for the function given in the second column, χ 2 min the minimum χ 2 value. Denotes for subgroups are as in Table 3 . N obs is the observed number of systems with z ≤ 100 pc. where n 0 is the number of stars in the Solar neighbourhood, H and H z are the exponential and sech 2 scaleheights, respectively. By definition, the relation between the exponential and sech 2 scaleheight is H = 1.08504 × H z (Bilir et al., 2006a,b) . All error estimates in the analysis were obtained by changing Galactic model parameters until an increase or decrease by ±1σ in χ 2 was achieved (Press et al., 1997) . The best fits to the z-histograms of all CVs in the sample and subgroups are shown in Figs. 7 and 8. The scaleheight H and the number of stars in the Solar neighbourhood n 0 obtained from the minimum χ 2 analysis are given in Table 4 . In the last column of Table 4 , the observed number of CVs with z ≤ 100 pc (N obs ) is also listed. Table 4 shows that the exponential function well represents the z-histogram constructed for all CVs (ALL) in the sample, dwarf novae (DN), non-magnetic CVs (non-mCV) and magnetic CVs (mCV), with scaleheights of 213, 191, 236 and 173 pc, respectively. However, the z-histograms of nova-like stars (NL) and novae (N) are better fitted by the sech 2 function which gives scaleheights of 404 and 196 pc, respectively. It should be noted that the number of novae in the sample is too small to draw firm conclusions. Since the exponential function represents the vertical distribution of all CVs in the sample better, a comparison of n 0 with N obs for the model distribution produced using this function reveals that there are 30±8 CVs hiding in the Solar vicinity. Moreover, it is possible to estimate roughly the number of these missing systems in terms of the classes by comparing N obs with n 0 obtained from the exponential fits in Table 4 : 17±6 dwarf novae, 8±4 nova-like stars and 4 +3 −2 novae. We performed Monte Carlo simulations to estimate the contribution of thick-disc CVs in the Solar neighbourhood to the Galactic model parameters since Ak et al. (2013) found that about 6 per cent of CVs in the Solar neighbourhood are members of the thick-disc population in the Galaxy. Assuming that 6, 8 and 10 per cent of CVs in the sample are the thick-disc CVs, our Monte Carlo simulations demonstrate that the effect of these systems to the scaleheights derived above is less than 4 per cent, which can be considered as a negligible contribution.
The Galactic model parameters of CVs classified in terms of the orbital period were derived, as well. In order to define the limits of the orbital period intervals, we divided the CVs in the sample according to almost the same number of systems at four period intervals: 59 systems in the period interval 1.37 ≤ P orb (h) < 2.25, 59 systems in 2.25 ≤ P orb (h) < 3.7, 57 systems in 3.7 ≤ P orb (h) < 4.6 and 59 systems in 4.6 ≤ P orb (h) < 12. By this classification, the total number of CVs to be used in deriving the Galactic model parameters drops to 234 as a limiting magnitude of 14 mag was set for CVs with 4.6 ≤ P orb (h) < 12 and systems with z ≥ 1 kpc were ignored to ensure the completeness of the subgroups, while the limiting magnitude of 16 selected above was maintained for CVs in the subgroups with P orb < 4.6 h. Magnetic and non-magnetic systems in these period intervals were also considered as different subgroups. Note that the number of magnetic systems is very small for orbital periods Table 5 The Galactic model parameters for CVs in terms of the orbital period. n 0 , H (pc) and χ 2 min are as defined in Table 4 . ALL denotes all CVs in the subgroup, mCV magnetic CVs and non-mCV non-magnetic CVs.
N obs is the observed number of systems with z ≤ 200 pc. above the orbital period gap. The z-histograms of CVs in these subgroups with their best fits are shown in Figs. 9-11. The Galactic model parameters are given in Table 5 . The exponential function well represents the z-histograms constructed for the CV groups in Figs. 9-11, in general. Table 5 and Figs 9-11 show that the systems with shorter orbital periods (2.25 ≤ P orb (h) < 3.7) have larger scaleheights than CVs in the period range 3.7 ≤ P orb (h) < 12. For the exponential function, the scaleheight increases from 192 to 326 pc while the orbital period decreases from 12 to 2.25 h. However, this trend is broken for the shortest orbital period CVs with P orb < 2.25 h: the scaleheight suddenly decreases to 135 pc for systems with P orb < 2.25 h. A similar trend is also found for the sech 2 function. The scaleheight for the sech 2 function changes from 319 to 444 pc for CVs with increasing periods in the range 2.25 ≤ P orb (h) < 12, while it drops to 230 pc for CVs with P orb < 2.25 h. The scaleheights estimated from the exponential and sech 2 functions for non-magnetic systems (non-mCV) show the same trend as found for all systems in the sample. Table 6 The local space densities of CVs. Symbols for subgroups are as in Table 3 . The space densities of CVs classified in terms of the orbital period are also given.
ALL 5.58 ± 1.35 1.37 ≤ P orb (h) < 2.25 3.73 ± 0.12 DN 4.05 ± 1.27 2.25 ≤ P orb (h) < 3.7 0.67 ± 0.03 NL 1.39 ± 0.39 3.7 ≤ P orb (h) < 4.6 0.64 ± 0.03 N 0.14 ± 0.10 4.6 ≤ P orb (h) < 12 0.54 ± 0.02 non-mCV 2.45 ± 0.70 mCV 3.13 ± 0.77
We derived the space density of CVs by dividing the number of stars in consecutive distances from the Sun to the corresponding partial spherical volumes: D = N/∆V i,i+1 (Bilir et al., 2006a,b) where N is the number of stars in the partial spherical volume ∆V i,i+1 which is defined by consecutive distances d i and d i+1 from the Sun. The logarithmic space density is expressed D * = log D + 10. The logarithmic density functions of all CVs, non-magnetic CVs, magnetic CVs, dwarf novae, nova-like stars and novae in the Solar neighbourhood are shown in Fig. 12 . In Fig. 12 , r * denotes the centroid distance of the partial spherical volume:
The local space density is the space density estimated for r * = 0 pc. The local space densities obtained for all CVs and subgroups in the sample are listed in Table 6 which shows that the space density of CVs in the Solar neighbourhood is 5.58(1.35)×10
−6 pc −3 . Dwarf novae's (DN) space density is almost the same as found for all CVs in the sample: 4.05(1.27)×10
−6 pc −3 . However, the space density of nova-like stars (NL) is only 34 per cent of the space density of DNs. The space density of magnetic (mCV) and non-magnetic CVs (non-mCV) are found to be very similar: 3.13(0.77)×10 −6 and 2.45(0.70)×10 −6 pc −3 , respectively. The space densities of CVs in different period intervals are also given in Table 6 . Table  6 demonstrates that the space density of CVs in the orbital period intervals above 2.25 h are almost the same with an average value of 0.62×10 −6 pc −3 , while the space density of systems with P orb < 2.25 h is about six times the space density of CVs with P orb > 2.25 h.
Luminosity function
We defined the luminosity function as the space density of objects in a certain absolute magnitude interval M J1 − M J2 following Bilir et al. (2006a,b) . The partial spherical volume ∆V i,i+1 including the objects is defined by d i and d i+1 distances which correspond to the bright and faint limiting apparent magnitudes of J 0 = 10 and J 0 = 16, respectively, for the absolute magnitude interval in question. The logarithmic luminosity functions φ are estimated for all systems, dwarf novae, nova-like stars, novae, non-magnetic systems and magnetic systems in the sample and listed in Table 7 and plotted in Fig. 13 . An inspection of Table 7 shows that luminosity functions for all subgroups increase towards fainter absolute magnitudes. Table 7 indicates that dwarf novae and nova-like stars have similarly shaped luminosity functions. In addition, similar luminosity functions are also found for non-magnetic and magnetic systems. Novae have a luminosity function rather smaller than those estimated for all the subgroups.
For a comparison of the luminosity function of DA white dwarfs found from the Anglo Australian Telescope survey (AAT, Boyle, 1989) and Palomar Green survey (PG, Fleming et al., 1986) with the luminosity function of CVs derived in this study, the Johnson M V absolute magnitudes of CVs are transformed to 2MASS M J absolute magnitudes using Padova Isochrones (Bressan et al., 2012) . Since the spatial distribution of CVs in Fig. 6 shows that these systems belong to the old thin disc of the Galaxy, in general, an analytical relation between M V and M J by assuming a mass fraction of metals of z = 0.019, Table 7 The logarithmic luminosity functions of CVs in the sample. N is the number of stars in the M J1 − M J2 absolute magnitude interval and φ the logarithmic luminosity function. Distance is in pc, volume pc 3 .
All Systems Dwarf novae Nova-like Stars Novae non-Magnetic CVs Magnetic CVs , 1986) and AAT (Boyle, 1989) surveys . The best fits are obtained by dividing the luminosity functions of white dwarfs from PG and AAT surveys by a factor of 350-450 respectively. a logarithmic surface gravity of log g > 4 and a mean age of t = 5 Gyr (Ak et al., 2010) are obtained in the selection of isochrones. The comparison of the luminosity functions of DA white dwarfs and CVs in the sample is shown in Fig. 14. The χ 2 min analysis show that the best fits between the luminosity functions of CVs and white dwarfs are obtained by dividing the luminosity functions of white dwarfs a factor of 450 and 350 for the PG and AAT surveys, respectively.
Conclusions
In order to derive the spatial distribution, Galactic model parameters and luminosity function of CVs, a new PLCs relation has been obtained using the 2MASS and W ISE photometries. This new PLCs relation gives more reliable results than that in Ak et al. (2007) . A CV sample was collected using the new PLCs relation. The sample was limited in terms of the J-band magnitudes to ensure its completeness. The Galactic model parameters, space densities and luminosity functions derived in this study can be used to constrain the population models of CVs. Our conclusions can be summarized as follows:
• Estimated distances to the Sun are smaller than 1 kpc for CVs in the sample.
CVs in the Solar neighbourhood are located in the thin-disc with z distances lower than ∼700 pc, in general, a result consistent with ).
• The exponential scaleheight of CVs in the sample is 213 +11 −10 pc. This value is in agreement with the exponential scaleheights of 190±30 and 160-230 pc suggested by Patterson (1984) and van Paradijs et al. (1996) , respectively. However, it is considerably larger than the exponential scaleheight of 158±14 pc derived by Ak et al. (2008) .
• If the z-distribution of all CVs in the sample is modeled by a sech 2 function (Bilir et al., 2006a,b) , the scaleheight of CVs in the Solar neighbourhood is derived 326 +13 −12 pc. This scaleheight seems to be acceptable as Gänsicke et al. (2009) concluded that the scaleheight of CVs is very likely larger than the 190 pc found by Patterson (1984) . Moreover, Pretorius et al. (2007b) argues that the 190 pc used by Patterson (1984) can be suitable only for youngest CVs. This is a very plausible argument since the previous measurements for the scaleheight of CVs were based on the samples which are strongly biased towards bright objects and these measurements were made using only the exponential function. Thus, we suggest that the scaleheight of CVs in the Solar vicinity should be ∼330 pc and that the sech 2 function should be also considered in the CV population models. However, it must be keep in mind that the bias of the bright CVs in the sample can be dominant on the derivation of observational Galactic model parameters.
• Our analysis show that the systems with short orbital periods (2. 25-3.7h) have larger scaleheights than that estimated for CVs with P orb > 3.7 h. Also, it seems that the observational scaleheights derived in this study are not in agreement with the scaleheights adopted by Pretorius et al. (2007b) . The trend of the scaleheight in terms of the orbital period encourages us to predict that the exponential and sech 2 scaleheights of the CVs with P orb < 2.25 h are larger than 326 and 444 pc, respectively, even though the observed scale height of these (faint) systems is much smaller.
• The logarithmic density functions of CVs show that the density functions derived in this study is in agreement with those shown in Ak et al. (2008) . We found that the space density of CVs in the Solar neighbourhood is 5.58(1.35)×10 −6 pc −3 , a result consistent with (Warner, 1974; Patterson, 1984 Patterson, , 1998 Ringwald, 1993; Schwope et al., 2002a; Araujo-Betancor et al., 2005; Pretorius et al., 2007a; Ak et al., 2008; Revnivtsev et al., 2008; Pretorius & Knigge, 2012; Pretorius et al., 2013) . However, the predicted values in the population synthesis studies are 10 −5 −10 −4 pc −3 (Ritter & Burkert, 1986; de Kool, 1992; Kolb, 1993; Politano, 1996; Willems et al., 2005 Willems et al., , 2007 . Although we used a fairly complete data sample, this comparison shows that there is still not a satisfactory agreement between the observational and predicted space densities of CVs.
• Space densities of the CVs with P orb > 2.25 h in the Solar neighbourhood are almost the same: 0.62×10 −6 pc −3 , in average. However, the space density of CVs with the orbital periods shorter than 2.25 h is about 6 times larger than that derived for longer period CVs. This result indicates that the faintest systems with distances greater than 200 pc could not be observed yet.
• Although it is not clear if masses of the white dwarfs in CVs are similar to those of isolated DA white dwarfs (Sion, 1999) , our analysis based on the comparisons of the luminosity function of DA white dwarfs (Fig. 14) found from the AAT survey (Boyle, 1989) and the PG survey (Fleming et al., 1986) with the luminosity function of CVs show that the best fits are obtained by dividing the luminosity functions of white dwarfs by 450 and 350 for the PG and AAT surveys, respectively.
